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FIG. 6

DECODED BLOCK IMAGE

|
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FIG 8

DECODED BLOCK IMAGE
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FIG. 9
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FIG. 10
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APPARATUS AND METHOD OF
COMPRESSING AND RESTORING IMAGE
USING FILTER INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of Korean
Patent Application No. 10-2009-0105922, filed on Nov. 4,
2009, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND

1. Field

One or more embodiments relate to an apparatus and
method of creating, compressing, transmitting, and display-
ing an image that may be applicable to a mobile environment
of displaying images.

2. Description of the Related Art

A wide bandwidth may be used to transmit a high resolu-
tion image. When the high resolution image is transmitted
using a limited bandwidth, the high resolution image may be
transformed to a low definition image. When the high reso-
Iution image is transformed to the low definition image, an
image quality may be deteriorated.

Accordingly, there is a need for an image compression
method and an image restoration method that may use a
limited bandwidth and prevent an image quality from being
deteriorated.

SUMMARY

According to an aspect of one or more embodiments, there
may be provided an image compression apparatus including
a processor; an image reduction unit to generate a reduced
image with a reduced resolution by sampling an input image,
a filter information decision unit to determine filter informa-
tion based on the input image and the reduced image, and a
bitstream generator to generate a bitstream by coding the
reduced image and the filter information, wherein at least one
of the image reduction unit, the filter information decision
unit and the bitstream generator use the processor to perform
the generating the reduced image, the determining filter infor-
mation or the generating the bitstream, respectively.

The filter information decision unit may include an image
divider to divide the reduced image into a plurality of blocks,
a representative block selector to generate at least one group
including blocks having a similar pixel value with respect to
the divided blocks, and to select a representative block from
blocks included in each of the at least one group, and an
interpolation coefficient decision unit to determine an inter-
polation coefficient with respect to the representative block
based on the input image and the reduced image.

The filter information decision unit may include an image
divider to divide the reduced image into a plurality of blocks,
an interest block selector to select, from the plurality of
blocks, an interest block indicating an image that gains an
attention of a human visual sense, and an interpolation coef-
ficient decision unit to determine an interpolation coefficient
with respect to the interest block based on the input image and
the reduced image.

According to another aspect of one or more embodiments,
there may be provided an image restoration apparatus includ-
ing a processor; a filter information extractor to extract filter
information from a bitstream received from an image com-
pression apparatus, an image decoder to decode a reduced
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image included in the bitstream, and an image enlargement
unit to increase a resolution of the reduced image based on the
filter information, wherein at least one of the filter informa-
tion extractor, the image decoder and the image enlargement
unit use the processor to perform the extracting, the decoding
or the increasing, respectively.

The image enlargement unit may include an image divider
to divide the reduced image into a plurality of blocks, a block
extractor to extract, as a maximum likelihood block, a repre-
sentative block or an interest block most similar with respect
to each of the blocks, and an image interpolator to interpolate
the reduced image by setting an interpolation coefficient of
each of the blocks to be different based on a comparison result
between an error of the maximum likelihood block and a first
predetermined threshold.

The image enlargement unit may include an image divider
to divide the reduced image into a plurality of blocks, a flag
decision unit to determine a type of a flag set in each of the
blocks, and an image interpolator to interpolate the reduced
image by setting an interpolation coefficient of each of the
blocks to be different based on the type of the flag.

According to still another aspect of one or more embodi-
ments, there may be provided an image compression method
including generating a reduced image with a reduced resolu-
tion by sampling an input image, determining filter informa-
tion based on the input image and the reduced image, and
generating a bitstream by coding the reduced image and the
filter information.

According to yet another aspect of one or more embodi-
ments, there may be provided an image restoration method
including extracting filter information from a bitstream
received from an image compression method, decoding a
reduced image included in the bitstream, and increasing a
resolution of the reduced image based on the filter informa-
tion.

According to another aspect of one or more embodiment,
there may be provided an image compression method, includ-
ing: reducing a resolution of an input image to generate a
reduced image; determining filter information based on the
reduced image and the input image; and transmitting the
reduced image and the filter information to an image restora-
tion apparatus.

The filter information may include an interpolation coeffi-
cient determined with respect to a block divided from the
reduced image.

The block of the reduced image may be one of a represen-
tative block having a smaller error with respect to remaining
blocks in a group selected from blocks divided from the
reduced image, and an interest block in which a variance or a
moment of pixels is greater than a predetermined threshold.

The filter information may include a flag indicating
whether the block is an interest block or a non-interest block.

According to yet another aspect of one or embodiments,
there is provided an image restoration method, including:
transmitting a reduced image having a resolution reduced
from an input image and filter information determined based
on the reduced image and the input image to an image resto-
ration apparatus; receiving the reduced image and the filter
information; and increasing the resolution of the reduced
image based on the received filter information.

According to at least one embodiment, it is possible to
decrease a deterioration in an image quality, and to reduce an
amount of bits even in a limited bandwidth.

According to at least one embodiment, it is possible to
prevent an unnecessary bit from occurring by accumulating
and reusing a filter set table
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Additional aspects, features, and/or advantages of exem-
plary embodiments will be set forth in part in the description
which follows and, in part, will be apparent from the descrip-
tion, or may be learned by practice of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages will become
apparent and more readily appreciated from the following
description of the exemplary embodiments, taken in conjunc-
tion with the accompanying drawings of which:

FIG. 1 illustrates a block diagram to describe an operation
of an image compression apparatus and an image restoration
apparatus according to at least one embodiment;

FIG. 2 illustrates a configuration of the image compression
apparatus of FIG. 1 according to at least one embodiment;

FIG. 3 illustrates a configuration of the image compression
apparatus of FIG. 1 according to at least one embodiment;

FIG. 4 illustrates a process of determining an interpolation
coefficient according to at least one embodiment;

FIG. 5 illustrates a configuration of the image restoration
apparatus of FIG. 1 according to at least one embodiment;

FIG. 6 illustrates an operation of the image enlargement
unit of FIG. 5 according to at least one embodiment;

FIG. 7 illustrates a configuration of the image restoration
apparatus of FIG. 1 according to at least one embodiment;

FIG. 8 illustrates an operation of an image enlargement
unit of FIG. 7 according to at least one embodiment;

FIG. 9 illustrates a process of reusing an interpolation
coefficient according to at least one embodiment;

FIG. 10 illustrates a scheme of accumulating filter infor-
mation according to at least one embodiment;

FIG. 11 illustrates an operation of an image compression
apparatus according to at least one embodiment; and

FIG. 12 illustrates an operation of an image restoration
apparatus according to at least one embodiment.

DETAILED DESCRIPTION

Reference will now be made in detail to at least one
embodiment, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer to
the like elements throughout. At least one exemplary embodi-
ment is described below to explain the present disclosure by
referring to the figures.

FIG. 1 illustrates a block diagram to describe an operation
of'an image compression apparatus 101 and an image resto-
ration apparatus 102 according to at least one embodiment.

Generally, a wide bandwidth may be used to transmit a
high resolution video. Accordingly, to transmit the high reso-
Iution video using a limited bandwidth, disclosed is a scheme
that may transform the high resolution video to a low defini-
tion video and transmit the transformed low definition video.

The image compression apparatus 101 may reduce a reso-
Iution of an image input via a limited bandwidth, and may
transmit the reduced image to the image restoration apparatus
102. To prevent a deterioration in an image quality occurring
when the image restoration apparatus 102 increases a resolu-
tion of the reduced image, the image compression apparatus
101 may additionally transmit filter information for the reso-
Iution increase to the image restoration apparatus 102.

FIG. 2 illustrates a configuration of the image compression
apparatus 101 of FIG. 1 according to at least one embodiment.

Referring to FIG. 2, the image compression apparatus 101
may include an image reduction unit 201, a filter information
decision unit 202, and a bitstream generator 203.
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The image reduction unit 201 may generate a reduced
image with a reduced resolution by sampling an input image.
For example, when a single pixel per every two pixels is
sampled with respect to a vertical direction and a horizontal
direction in the input image, the image reduction unit 201
may generate the reduced image of which the resolution is
reduced to ¥2. The above sampling scheme may vary depend-
ing on a system configuration.

The filter information decision unit 202 may determine
filter information based on the input image and a decoded
reduced image. To determine the filter information, the
reduced image may be encoded and then decoded. For
example, the reduced image may be encoded using motion
picture experts group (MPEG)-1/24 or H.261/263/264, for
example.

The filter information decision unit 202 may include an
image divider 204, a representative block selector 205, and an
interpolation coefficient decision unit 206.

The image divider 204 may divide the decoded reduced
image into a plurality of blocks.

The representative block selector 205 may generate at least
one group including blocks having a similar pixel value with
respectto the divided blocks, and select a representative block
from blocks included in each of the at least one group. Here,
the pixel value denotes a gray level of a block. For example,
the representative block selector 205 may select, as the rep-
resentative block, a block having a smallest error with respect
to remaining blocks based on blocks included in each of the at
least one group. The representative block selector 205 may
select the representative block by calculating an error
between blocks using a mean square error scheme, for
example. The representative block selector 205 may select the
representative block by transforming a clustering scheme,
such as a K-means scheme or a mean shift scheme.

The interpolation coefficient decision unit 206 may deter-
mine an interpolation coefficient with respect to the represen-
tative block based on the input image and the decoded
reduced image. For example, the interpolation coefficient
decision unit 206 may determine the interpolation coefficient
with respect to the representative block by determining the
interpolation coefficient minimizing an error between the
input image and a result image obtained by applying the
interpolation coefficient to the decoded reduced image. The
interpolation coefficient may be generated into a filter set
table with respect to the representative block.

When a single pixel per every two pixels is sampled with
respect to a vertical direction and a horizontal direction, a
reduced image in which a resolution of the input image is
reduced to %4, for example, a number of pixels is reduced to
V4, may be generated. When interpolating and enlarging the
reduced image later, three types of interpolation coefficients
may be used to interpolate pixels with respect to the vertical
direction, the horizontal direction, and a diagonal direction.
The interpolation coefficient will be further described with
reference to FIG. 4. The representative block and the inter-
polation coefficient may be determined based on filter infor-
mation.

The bitstream generator 203 may generate a bitstream by
coding the reduced image and the filter information. The
generated bitstream may be transmitted to the image restora-
tion apparatus 102.

FIG. 3 illustrates a configuration of the image compression
apparatus 101 of FIG. 1 according to at least one embodiment.

Referring to FIG. 3, an interest block may be selected,
which is different from FIG. 2. An image reduction unit 301,
a filter information decision unit 302, a bitstream generator
303, and an image divider 304 of FIG. 3 correspond to the
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image reduction unit 201, the filter information decision unit
202, the bitstream generator 203, and the image divider 204 of
FIG. 2, and thus further detailed description related thereto
will be omitted here.

An interest block selector 305 may select, from the plural-
ity of blocks, an interest block indicating an image that gains
anattention of a human visual sense. For example, the interest
block selector 305 may select, as the interest block from the
plurality of blocks, a block where a variance or a moment of
pixels is greater than a predetermined threshold. Blocks unse-
lected as the interest block from the plurality of blocks may be
selected as non-interest blocks. Generally, a block corre-
sponding to a texture region, an edge region, or a foreground
in the input image may be selected as an interest block. A
block corresponding to a smooth region or a background may
be selected as a non-interest block.

The interest block selector 305 may select the interest
block from the plurality of blocks to set a flag in the selected
interest block. For example, the interest block selector 305
may set the fag to “1” with respect to the interest block, and
may set the flag to “0” with respect to the non-interest block.
The interest block selector 305 may set the flag withrespectto
all the blocks constituting the reduced image.

An interpolation coefficient decision unit 306 may deter-
mine an interpolation coefficient with respect to the interest
block based on the input image and the decoded reduced
image. For example, the interpolation coefficient decision
unit 306 may determine the interpolation coefficient with
respect to the interest block by determining the interpolation
coefficient minimizing an error between the input image and
a result image obtained by applying the interpolation coeffi-
cient to the decoded reduced image. The interpolation coef-
ficient may be generated into a filter set table with respect to
the interest block. The filter information may include the
interest block and the interpolation coefficient. When the flag
is set with respect to the interest block, the filter information
may include the interest block, the interpolation coefficient,
and the flag.

FIG. 4 illustrates a process of determining an interpolation
coefficient according to at least one embodiment.

The image compression apparatus 101 may divide a
decoded reduced image 401 into a plurality of blocks. The
image compression apparatus 101 may select a representative
block or an interest block from the plurality of blocks.

The image compression apparatus 101 may generate at
least one group including blocks having a similar pixel value
with respect to the divided blocks, and select the representa-
tive block from blocks included in each of the at least one
group. Specifically, the image compression apparatus 101
may select, as the representative block, a block having a
smallest error with respect to remaining blocks based on
blocks included in each of the at least one group.

The image compression apparatus 101 may select, from the
plurality of blocks, the interest block indicating an image that
gains an attention of a human visual sense. For example, the
image compression apparatus 101 may select, as the interest
block from the plurality of blocks, a block where a variance or
a moment of pixels is greater than a predetermined threshold.
A block unselected as the interest block from the plurality of
blocks may be selected as a non-interest block.

The image compression apparatus 101 may determine an
interpolation coefficient with respect to the selected represen-
tative block or the interest block. For example, the image
compression apparatus 101 may determine an interpolation
coefficient minimizing an error between an input image and
the decoded reduced image 401 with respect to the represen-
tative block or the interest block. When the image restoration
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apparatus 102 generates an enlarged image by interpolating
the decoded reduced image 401 according to the determined
interpolation coefficient, an error between the input image
and the enlarged image may be minimized.

Since the interpolation coefficient is determined for each
block, an amount of bits may increase according to a number
of'blocks. For example, when the interpolation coefficient is
determined with respect to a reduced image having a resolu-
tion, of 704x576 by dividing the reduced image based on a
4x4 block unit, 16 interpolation coefficients with respect to
each of a diagonal direction, a vertical direction, and a hori-
zontal direction may be generated. However, when the inter-
polation coefficient is determined with respect to the reduced
image having the resolution of 704x576 by dividing the
reduced image based on a 32x32 block unit, a total of 4752
interpolation coefficients may be generated. Since a number
of interpolation coefficients increases according to an
increase in a number of pixels included in the divided blocks,
a size of a file to be transmitted to the image restoration
apparatus 102 may increase.

According to at least one embodiment, the image compres-
sion apparatus 101 may generate the interpolation coefficient
using a filter set table scheme. For example, when the reduced
image having the resolution of 704x576 is divided based on
the 32x32 block unit, 99 blocks may be obtained. The image
compression apparatus 101 may cluster 99 blocks into 16
groups and select arepresentative block from blocks included
in each of the 16 groups, and thereby determine an interpo-
lation coefficient only with respect to the representative
block. There is no particular constraint on the number of
groups. Also, the image compression apparatus 101 may
select, as an interest block from the 99 blocks, a block where
a predetermined variance or a moment is greater than a pre-
determined threshold, and thereby determine the interpola-
tion coefficient with respect to the interest block. In this case,
since a number of interpolation coefficients to be generated
decreases, a size of a file to be transmitted to the image
restoration apparatus 102 may decrease.

For example, the image compression apparatus 101 may
determine the interpolation coefficient with respect to the
representative block or the interest block according to the
following Equation 1:

For each subpel position [Equation 1]

(diagonal position, vertical position, horizontal position)

6 6
0= E E [Sw— S
i-1 j-1
x y

P
hi,j Rx+i,y+j Rx+k,y+l
: J

Yk, 1€{0,1.2,3,4, 5},

where S is the original image and R is the reduced decoded
image.

X, y are the indexes of image coordinate.

In Equation 1, S denotes the input image and R denotes a
decoded reduced image. According to Equation 1, it is pos-
sible to determine the interpolation coefficient minimizing
the error between the input image and a result image obtained
by applying the interpolation coefficient h to the decoded
reduced image. The error may indicate a mean square error.
The interpolation coefficient may have a value that is in
proportion to a number of pixels included in the input image
and in inverse proportion to a number of pixels included in the
decoded reduced image. The interpolation coefficient may be
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recursively determined with respect to all the pixels included
in the representative block or the interest block.

In Equation 1, the interpolation coefficient may indicate a
root of a linear simultaneous equation. The interpolation
coefficient may be calculated using a Gaussian elimination
and the like. Since the interpolation coefficient is determined
based on a block unit instead of the entire reduced image, a
peak signal-to-noise ratio (PSNR) may increase and an image
quality may be enhanced.

FIG. 5 illustrates a configuration of the image restoration
apparatus 102 of FIG. 1 according to an embodiment.

Referring to FIG. 5, the image restoration apparatus 102
may include a filter information extractor 501, an image
decoder 502, and an image enlargement unit 503.

The filter information extractor 501 may extract filter infor-
mation from a bitstream received from the image compres-
sion apparatus 101. As described above with reference to
FIGS. 2 and 3, the filter information may include a represen-
tative block and an interpolation coefficient, or may include
an interest block, the interpolation coefficient, and a flag.

The image decoder 502 may decode a reduced image
included in the bitstream.

The image enlargement unit 503 may increase a resolution
of'the decoded reduced image based on the filter information.
The image enlargement unit 503 may include an image
divider 504, a block extractor 505, and an image interpolator
506. When a representative block or an interest block without
a set flag is included in the filter information, the image
enlargement unit 503 may be applicable.

The image divider 504 may divide the decoded reduced
image into a plurality of blocks.

The block extractor 505 may extract, as a maximum like-
lihood block, a representative block or an interest block most
similar with respect to each of the blocks. Here, the represen-
tative block indicates a block having a smallest error with
respect to remaining blocks based on blocks having a similar
pixel value and constituting a group, and the interest block
indicates a block where a variance or a moment of pixels is
greater than a predetermined threshold among a plurality of
blocks constituting the reduced image.

The image interpolator 506 may interpolate the decoded
reduced image by setting an interpolation coefficient of each
of the blocks to be different based on a comparison result
between an error of the maximum likelihood block and a
predetermined threshold. The image interpolator 506 may
select the interpolation coefficient by reusing a filter set table
included in the filter information with respect to at least one
picture group constituting the reduced image. The image
interpolator 506 may determine the interpolation coefficient
with respect to an intra picture that is a first picture of each of
the atleast one picture group, and may select the interpolation
coefficient by accumulating a new filter set table for each
picture group with respect to pictures subsequent to the first
picture.

FIG. 6 illustrates an operation of the image enlargement
unit 503 of FIG. 5 according to at least one embodiment.

In operation 601, the image enlargement unit 503 may
select, as a maximum likelihood block, a representative block
or an interest block most similar with respect to a decoded
block image. The decoded block image may be obtained by
dividing a decoded reduced image into a plurality of blocks.

In operation 602, the image enlargement unit 503 may
compare an error of the maximum likelihood block with a
predetermined threshold. The error of the maximum likeli-
hood block may be calculated using a mean square error, a
sum of absolute difference (SAD), and a sum of squared
difference (SSD).
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When the error of the maximum likelihood block is less
than or equal to the predetermined threshold, the image
enlargement unit 503 may extract an interpolation coefficient
corresponding to the maximum likelihood block from a filter
set table included in filter information in operation 603. Spe-
cifically, the image enlargement unit 503 may call, from the
filter set table, a filter corresponding to the maximum likeli-
hood block.

In operation 604, the image enlargement unit 503 may
perform interpolation by performing convolution with
respectto each of blocks included in the reduced image, based
on the extracted interpolation coefficient. Accordingly, an
enlarged block image may be obtained.

Conversely, when the error of the maximum likelihood
block is greater than the predetermined threshold in operation
602, the image enlargement unit 503 may perform interpola-
tion by performing convolution with respect to each of the
blocks based on a default interpolation coefficient in opera-
tion 604. The default interpolation coefficient may include a
6-tab interpolation coefficient or a bicubic interpolation coef-
ficient. The process of F1IG. 6 may be applicable alike to all the
blocks constituting a single picture. By applying the default
interpolation coefficient to an abnormal block having a great
difference with an actual input image, it is possible to prevent
a significant deterioration in an image quality.

FIG. 7 illustrates a configuration of the image restoration
apparatus 102 of FIG. 1 according to at least one embodiment.

Referring to FIG. 7, the image restoration apparatus 102
may include a filter information extractor 701, an image
decoder 702, and an image enlargement unit 703. The filter
information extractor 701, the image decoder 702, and the
image enlargement unit 703 of FIG. 7 correspond to the filter
information extractor 501, the image decoder 502, and the
image enlargement unit 503 of FIG. 5, and thus further
detailed description related thereto will be omitted here.
When an interest block with a set flag is included in filter
information, the image restoration apparatus 102 of FIG. 7
may be applicable.

Animage divider 704 may divide a decoded reduced image
into a plurality of blocks.

A flag decision unit 705 may determine a type of a flag set
in each of the blocks. The flag indicates whether a corre-
sponding block is an interest block or a non-interest block.
The flag may be included in filter information extracted by the
filter information extractor 701. An image interpolator 706
may interpolate the decoded reduced image by setting an
interpolation coefficient of each of the blocks to be different
based on the type of the flag. An operation of the image
interpolator 706 will be further described with reference to
FIG. 8.

FIG. 8 illustrates an operation of the image enlargement
unit 703 of FIG. 7 according to at least one embodiment.

In operation 801, the image enlargement unit 703 may
determine a type of a flag to be set in each of decoded blocks,
that is, may determine whether flag=1 or 0. The decoded
blocks may be generated by dividing a decoded reduced
image into a plurality of blocks.

When the flag indicates an interest block, that is, when
flag=1, the image enlargement unit 703 may select, as a
maximum likelihood block, an interest block most similar
with respect to each of the blocks in operation 802. In opera-
tion 803, the image enlargement unit 703 may extract an
interpolation coefficient corresponding to the maximum like-
lihood block from a filter set table included in the filter infor-
mation. Specifically, the image enlargement unit 703 may
call, from the filter set table, a filter corresponding to the
maximum likelihood block. In operation 804, the image
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enlargement unit 703 may perform interpolation by perform-
ing convolution with respect to each of the blocks based on
the extracted interpolation coefficient. Consequently, an
enlarged block image may be obtained.

When the flag indicates a non-interest block, that is, when
flag=0 in operation 802, the image enlargement unit 703 may
perform interpolation by performing convolution with
respect to each of the blocks based on a default interpolation
coefficient in operation 804. The default interpolation coeffi-
cient may include a 6-tab interpolation coefficient or a bicubic
interpolation coefficient. The operation of FIG. 8 may be
applicable alike to all the blocks constituting a single picture.
By applying the default interpolation coefficient to an abnor-
mal block having a great difference with respect to an actual
input image, it is possible to prevent a significant deteriora-
tion in an image quality.

FIG. 9 illustrates a process of reusing an interpolation
coefficient according to at least one embodiment.

Pictures may have a similar characteristic with respect to
the same scene. Accordingly, the image restoration apparatus
102 may select only an interpolation coefficient with respect
to an intra picture that is a first picture of each of at least one
picture group constituting a reduced image. The image res-
toration apparatus 102 may reuse the interpolation coefficient
of the first picture with respect to pictures subsequent to the
first picture. A P-picture or a B-picture after the first picture
may include a motion vector or a prediction mode.

The motion vector and the prediction may indicate a macro
block 903 of a previous picture 901. When an error between
a block image including the macro block 903 of the previous
picture 901 and a block 905 of a current picture 902 is less
than or equal to a predetermined threshold, an interpolation
coefficient of the block image of the previous picture 901 may
be used as an interpolation coefficient of the current picture
902. Since the interpolation coefficient may be reused, it is
possible to decrease an amount of bits.

FIG. 10 illustrates a scheme of accumulating filter infor-
mation according to an embodiment.

FIG.10also illustrates a scheme of accumulating and using
afilter set table included in filter information. A size of a filter
set table used to enlarge a reduced image may be expanded by
adding a newly-transmitted filter set table. The newly-trans-
mitted filter set table may include blocks having a low corre-
lation with respect to a representative block of a previous filter
set table. When the size of the filter set table is increasingly
expanded to exceed a predetermined size, representative
blocks may be removed in an order of a least called represen-
tative block. Accordingly, it is possible to prevent the size of
the filter set table from indefinitely increasing.

The image compression apparatus 101 may additionally
transmit an interpolation coefficient to sequence heads SH
1001 and 1003. A basic compression unit of an image is a
group of pictures (GOP). The GOP includes a plurality of
P-pictures and a plurality of B-pictures, starting from an intra
(D-picture. In FIG. 10, an I-picture 1005 indicates an image
directly compressed from an input image. The P-picture and
the B-picture indicate pictures containing only information
associated with a transformed portion, that is, a moved por-
tion based on the [-picture 1005. When filter information with
respectto the I-picture 1005 that is a first picture within GOPs
1002 and 1004 is determined, the filter information of the
I-picture 1005 may be reused instead of determining new
filter information. The determined filter information may be
entropy coded and thereby be transmitted to the image resto-
ration apparatus 102 using the sequence headers SH 1001 and
1003.
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To restore the I-picture 1005 that is the first picture in the
GOP 1002, the image restoration apparatus 102 may deter-
mine an interpolation coefficient based on a filter set table
FST,,, included in the sequence header SH 1001. Next, to
restore the I-picture that is the first picture in the GOP 1004,
the image restoration apparatus 102 may reuse the filter set
table FST, , included in the sequence header SH 1001. The
image restoration apparatus 102 may accumulate the filter set
table FST, , included in the sequence header SH 1001, and a
filter set table FST,,,, included in the sequence header SH
1003. The above process may be continuously repeated.
When a size of accumulated filter set tables
(FST,,,UFST,, ;U . .. UFST,,,) exceeds a predetermined
size, it is possible to remove a filter set table of a least called
representative block.

FIG. 11 illustrates an operation of the image compression
apparatus 101 of FIG. 1 according to an embodiment.

The image compression apparatus 101 may reduce an
image by sampling an input image (1101). In this instance, the
image compression apparatus 101 may generate a reduced
image with a reduced resolution compared to the inputimage.
The reduced image may be encoded through transformation/
quantization 1102 and then be decoded through inverse-quan-
tization/inverse-transformation 1104. A decoded reduced
image may be stored in a frame memory 1105. The reduced
image may be encoded based on a prediction image generated
from a reduced image decoded in a previous picture through
motion estimation/motion compensation ME/MC 1103.

The image compression apparatus 101 may extract a rep-
resentative block or an interest block from the decoded
reduced image (1106). Also, the image compression appara-
tus 101 may determine an interpolation coefficient of the
representative block or the interest block minimizing an error
between the input image and a result image obtained by
applying the interpolation coefficient to the decoded reduced
image (1106). A flag may be set in the interest block. In this
case, the representative block, the interest block, the interpo-
lation coefficient, and the flag may be included in filter infor-
mation. The image compression apparatus 101 may generate
a bitstream by performing entropy coding based on the filter
information and the decoded reduced image (1107).

FIG. 12 illustrates an operation of the image restoration
apparatus 102 of FIG. 1 according to at least one embodiment.

The image restoration apparatus 102 may extract an
encoded reduced image and filter information by entropy
coding a bitstream (1201). The image restoration apparatus
102 may decode the encoded reduced image by performing
inverse-quantization/inverse-transformation for the encoded
reduced image (1202). The decoded reduced image may be
fed back through motion compensation MC 1203. The image
restoration apparatus 102 may enlarge the decoded reduced
image by interpolating the decoded reduced image based on
the filter information (1204).

Matters not described above with reference to FIGS. 11
and 12 may refer to the descriptions made above with refer-
ence to FIGS. 1 through 10.

The image compression/restoration method according to
the above-described at least one exemplary embodiment may
be recorded in computer-readable media including program
instructions to implement various operations embodied by a
computer. The media may also include, alone or in combina-
tion with the program instructions, data files, data structures,
and the like. Examples of computer-readable media include
magnetic media, such as hard disks, floppy disks, and mag-
netic tape; optical media, such as CD ROM disks and DVDs;
magneto-optical media such as optical disks; and hardware
devices that are specially configured to store and perform
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program instructions, such as read-only memory (ROM), ran-
dom access memory (RAM), flash memory, and the like.
Examples of program instructions include both machine
code, such as produced by a compiler, and files containing
higher level code that may be executed by the computer using
an interpreter. The described hardware devices may be con-
figured to act as one or more software modules in order to
perform the operations of the above-described exemplary
embodiments, or vice versa. If the described hardware
devices are configured to act as one or more software mod-
ules, then the software modules use a processor to execute
their respective operations.

Although at least one exemplary embodiment has been
shown and described, it would be appreciated by those skilled
in the art that changes may be made in this at least one
embodiment without departing from the principles and spirit
of' the disclosure, the scope of which is defined by the claims
and their equivalents.

What is claimed is:

1. An image compression apparatus, comprising:

an image reduction unit to generate a reduced image with a
reduced resolution by sampling an input image;

a filter information decision unit to determine filter infor-
mation including at least one interpolation coefficient
based on the input image and the reduced image, which
comprises:
an image divider to divide the reduced image into a

plurality of blocks;

a representative block selector to calculate pixel value
errors between the plurality of blocks, and select, as a
representative block, one block, which is one of the
plurality of blocks and has the smallest pixel value
error; and

aninterpolation coefficient decision unit to determine an
interpolation coefficient with respect to the represen-
tative block based on the input image and the reduced
image,

wherein the interpolation coefficient decision unit gen-
erates a filter set table with respect to the representa-
tive block by determining the interpolation coefficient
minimizing an error between the input image and a
result image obtained by applying the interpolation
coefficient to the reduced image; and

a bitstream generator to generate a bitstream by coding the
reduced image and the determined filter information.

2. The image compression apparatus according to claim 1,
wherein the representative block selector generates at least
one group including blocks having a similar pixel value with
respect to the divided blocks, and selects a representative
block from blocks included in each of the at least one group.

3. The image compression apparatus according to claim 2,
wherein the representative block selector selects, as the rep-
resentative block, a block having a smallest pixel value error
with respect to remaining blocks based on blocks included in
each of the at least one group.

4. An image restoration apparatus, comprising:

a filter information extractor to extract filter information
from a bitstream received from an image compression
apparatus, wherein the filter information including at
least one interpolation coefficient;

an image decoder to decode a reduced image included in
the bitstream; and

an image enlargement unit to increase a resolution of the
decoded reduced image based on the filter information,
which comprises:
an image divider to divide the reduced image into a

plurality of blocks;
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a block extractor to extract, as a maximum likelihood
block, a representative block or an interest block most
similar with respect to each of the blocks; and

an image interpolator to interpolate the decoded reduced
image based on a comparison result between an error
of the maximum likelihood block and a first predeter-
mined threshold,

wherein the image interpolator interpolates each of the
blocked by extracting an interpolation coefficient cor-
responding to the maximum likelihood block from a
filter set table with respect to the representative block
included in the filter information in response to the
error of the maximum likelihood block being less than
or equal to the first predetermined threshold,

wherein the image interpolator interpolates each of the
blocks according to a default interpolation coefficient
in response to the error of the maximum likelihood
block being greater than the first predetermined
threshold, and

wherein

the representative block indicates a block which was

selected by comparing an error with respect to remain-

ing blocks based on blocks having a similar pixel value,
and the interest block indicates a block selected based on

a variance or a moment of pixels among a plurality of

blocks constituting the reduced image.

5. The image restoration apparatus according to claim 4,
wherein the image interpolator interpolates the decoded
reduced image by setting an interpolation coefficient of each
of the blocks to be different based on the comparison result.

6. The image restoration apparatus according to claim 4,
wherein:

the representative block indicates a block having a smallest

error with respect to remaining blocks based on blocks

having a similar pixel value and constituting a group,
and

the interest block indicates a block where the variance or

the moment of pixels is greater than a second predeter-

mined threshold among a plurality of blocks constituting
the reduced image.

7. The image restoration apparatus according to claim 4,
wherein the image interpolator selects the interpolation coef-
ficient by reusing a filter set table included in the filter infor-
mation with respect to at least one picture group constituting
the reduced image.

8. The image restoration apparatus according to claim 7,
wherein the image interpolator determines the interpolation
coefficient with respect to an intra picture that is a first picture
of each of the at least one picture group, and selects the
interpolation coefficient by accumulating a new filter set table
for each picture group with respect to pictures subsequent to
the first picture.

9. An image compression method, comprising:

generating a reduced image with a reduced resolution by

sampling an input image;

determining filter information including at least one inter-

polation coefficient based on the input image and the

reduced image, which comprises:

dividing the reduced image into a plurality of blocks;

calculating pixel value errors between the plurality of
blocks;

selecting, as a representative block, one block from the
plurality of blocks and has the smallest pixel value
error; and

determining an interpolation coefficient with respect to
the representative block based on the input image and
the reduced image,
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wherein the determining of the interpolation coefficient

comprises generating a filter set table with respect to

the representative block by determining the interpo-

lation coefficient minimizing an error between the

input image and a result image obtained by applying

the interpolation coefficient to the reduced image; and

generating a bitstream by coding the reduced image and the
filter information.

10. The image compression method according to claim 9,
wherein the selecting the representative block comprises:

generating at least one group including blocks having a

similar pixel value with respect to the divided blocks;
and

selecting a representative block from blocks included in

each of the at least one group.

11. The image compression method according to claim 9,
wherein the selecting of the representative group comprises
selecting, as the representative block, a block having a small-
est pixel value error with respect to remaining blocks based
on blocks included in each of the at least one group.

12. An image restoration method, comprising:

extracting filter information from a bitstream received

from an image compression apparatus, wherein the filter
information including at least one interpolation coeffi-
cient;

decoding a reduced image included in the bitstream; and

increasing a resolution of the decoded reduced image

based on the extracted filter information, which com-

prises:

dividing the decoded reduced image into a plurality of
blocks;

extracting, as a maximum likelihood block, a represen-
tative block or an interest block most similar with
respect to each of the blocks; and

interpolating the reduced image based on a comparison
result between an error of the maximum likelihood
block and a first predetermined threshold,
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wherein the interpolating of the reduced image com-
prises interpolating each of the blocks by extracting
an interpolation coefficient corresponding to the
maximum likelihood block from a filter set table with
respect to the representative block included in the
filter information in response to the error of the maxi-
mum likelihood block being less than or equal to the
first predetermined threshold, and interpolating each
of'the blocks according to a default interpolation coet-
ficient in response to the error of the maximum like-
lihood block being greater than the first predeter-
mined threshold, and

wherein

the representative block indicates a block which was

selected by comparing an error with respect to remain-

ing blocks based on blocks having a similar pixel value,

and the interest block indicates a block selected based on

a variance or a moment of pixels among a plurality of

blocks constituting the reduced image.

13. The image restoration method according to claim 12,
wherein the interpolating the reduced image comprises inter-
polating the reduced image by setting an interpolation coef-
ficient of each of the blocks to be different based on the
comparison result.

14. The image restoration method according to claim 12,
wherein:

the representative block indicates a block having a smallest

error with respect to remaining blocks based on blocks
having a similar pixel value and constituting a group,
and

the interest block indicates a block where the variance or

the moment of pixels is greater than a second predeter-
mined threshold among a plurality of blocks constituting
the reduced image.
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